The reaction of hydrazide with carbonyl chloride in the presence of sodium carbonates lead to the corresponding 1,2-diacylhydrazines (1a-t, R in refluxing toluene to give a series of new 2,5-disubstituted-1,3,4-selenadiazoles (2a-t, 51-99% yield). All compounds were characterized spectroscopically and six compounds were characterized crystallographically.
Introduction
The synthesis of an organoselenium compound, diethyl selenide, was first reported in 1836.
[1] It was not until the 1970s, where the use of diethyl selenide in several new reactions created a variety of novel structures with unusual properties, that these compounds began to attract more general interest. The interest in using organoselenium heterocycles as potential pharmaceuticals and new materials, as well as reagents and catalysts expanded rapidly during last three decades. [2] For example, 1,3,4-selenadiazoles Scheme 1. Synthesis of 1,2-diacylhydrazines 1a-t and 2,5-disubstituted 1,3,4-selenadiazoles 2a-t 2,5-Disubstituted 1,3,4-thiadiazoles, the sulfur counterpart of 2,5-disubstituted 1,3,4-selenadiazoles, have been examined as potential anti-bacterial, [15] anti-viral, [16] analgesic, [17] anti-tumor, [18] anticonvulsant, [15] and anti-inflammatory drugs, along with activity as pesticides and fungicides, [17, 19] as well as other applications. [4a-c,20] The most popular method for the synthesis of this class of compounds involves the cyclization and dehydration of thiohydrazides or other substrates with S-C-N-N-C-S moiety. [4a,15,16] This is typically done via thionation of 1,2-diacylhydrazines with Lawesson's reagent, followed by spontaneous cyclization and dehydrosulfurization.
[14c] Herein, we adopted a similar approach, that is, reacting 1,2-diacylhydrazines, 1a-t, with WR to afford a series of 2,5-disubstituted 1,3,4-selenadiazoles, 2a-t, in moderate to excellent yield (51-99%, Scheme 1 and Table 1 ). It should be noted in particular that reaction of WR with 1,2-diacylhydrazines bearing diaryl groups (R 1 , R 2 = Aryl)
is very fast and high yield (75-99%), while with the 1,2-diacylhydrazines bearing one aryl group and one pyridine group (R 1 = Aryl; R 2 = Pyr) is slow with relatively low yield (51 and 58% for compounds 2b and 2c, respectively), This is most likely due to the presence of the electron-withdrawing pyridine group.
2 are stable in air and moisture for several months and are soluble in common organic solvents. [23] The distances in 2 are slightly shorter than those found in related structures containing single C-Se bonds (ca. 1.92-1.94 Å), [24] indicating that some slight delocalisation in 2. However, the C-Se-C angles ranging between 81.9(2)-82.7(2)˚ in 2b, 2h, 2k, 2m, 2p
and 2s are considerably smaller than that (ca. 87.7(7)-88.7(10)˚) in 2,5-diarylselenophenes.
[24]
(A) 
Conclusions
In summary, a highly efficient route for the preparation of a wide variety of 1,2-diacylhydrazines has been developed. The selenation of 1,2-diacylhydrazines using Woollins' reagent, 2,4-bis(phenyl)-1,3-diselenadiphosphetane-2,4-diselenide, provides a general and systemic approach to 2,5-disubstituted 1,3,4-selenadiazoles. This method allows 2,5-disubstituted 1,3,4-selenadiazoles to be easily available for further investigations into their chemistry and biological properties.
Experimental Section
Unless otherwise stated, all reactions were carried out under on oxygen free nitrogen atmosphere using pre-dried solvents and standard Schlenk techniques, subsequent chromatographic and work up procedures were performed in air. Solvents were dried, purified, and stored according to common (5) 21.886 (9) 6.056 (3) 14.385 (7) c/Å 6.121 (2) 16.177 (8) General procedure for synthesis of 1,2-diacylhydrazines (1a-t) A suspension of carbonyl hydrazide (10.0 mmol) and anhydrous sodium carbonate (1.02 g, 10.0 mmol) in dry tetrahydrofuran (60 ml) and water (60 ml) was added to a stirring solution of the corresponding carbonyl chloride (11.0 mmol) in 30 ml of tetrahydrofuran at 0˚C. The mixture was stirred at 0˚C for 1 h, and at room temperature for 4 h. A massive precipitation was observed. The product was harvested by filtration and washed three times with tetrahydrofuran and ethyl ether, then finally dried in vacuum. 9, 142.5, 130.8, 130.7, 130.3, 129.6, 128.1, 116.3, 115.9, 21.6 General procedure for the synthesis of 2,5-disubstituted 1,3,4-selenadiazoles (2a-t): A mixture of 1,2-diacylhydrazines (1.0 mmol) and Woollins' reagent (0.54g, 1.0 mmol) in 20 ml of dry toluene was refluxed for 7 h. The red suspension disappeared and a brown suspension was formed along with some grey elemental selenium. After cooling to room temperature the mixture was dried in vacuo to remove toluene. The residue was then dissolved in dichloromethane and purified by silica gel (1:5 ethyl acetate / dichloromethane as eluent) to give the corresponding target product. 5, 131.9, 131.3, 130.0, 129.3, 128.7, 128.3, 126.9 7.94 (m, 1H, 3H, ArH), 7.03 (m, 2H, (m, 2H, ArH), 7.64 (d, 1H, FurH), 7.47 (m, 3H, ArH), 7.17 (d, 1H, FurH), 6.61 (m, 1H, FurH) 9, 131.2, 129.3, 128.7, 126.9, 114.0, 112.8, 112. 7, 137.7, 129.9, 129.5, 128.6, 128.1, 126.8, 122.8, 21.4 
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